The antioxidant activities of ethanol, methanol, chloroform, ethyl acetate, and petroleum ether extracts from the fruit of Piper wallichii (Miq.) Hand.-Mazz. were investigated using different in vitro antioxidant assays. The methanol extract showed the most potent scavenging activity on 2,2-diphenyl-1-picryl hydrazyl (DPPH), Ferric reducing antioxidant power (FRAP), 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) hydrogen peroxide, hydroxy radical, and reducing power assays with EC 50 values of 46.70 ± 0.85, 41.7 ± 0.74, 45.23 ± 2.02, 49.30 ± 1.15, 40.39 ± 1.92, and 50.21 ± 1.2 µg/ml, respectively. The total phenolic content and the total flavonoids content were also determined. The methanol extract showed the highest total phenolic content and total flavonoids content, followed by the chloroform extract. This study revealed that the methanol extract had the strongest antioxidant activities, which were correlated with its high level of phenolic and flavonoids content. 
INTRODUCTION
Reactive oxygen species (ROS) and free radicals have drawn increasing attention in the past decade. [1] Current life style causes over production of ROS and free radicals, such as super oxide anion radical (O 2 − • ), hydrogen peroxide (H 2 O 2 ), hydroxyl radical (OH • ) are introduced into the body as byproducts in normal metabolic functions or also from the environment. These molecules/radicals are exacerbating factors in cellular injury and the aging process. [2] The consumption of fruit and vegetables has been inversely associated with morbidity and mortality from degenerative and coronary heart diseases. [3] The protection that fruit and vegetables provide against diseases has been attributed to the various antioxidants contained in them. [4] Particularly polyphenols show protective effects on brain degenerative processes [5] and have anti-inflammatory [6] and anticarcinogenic [7] effects. Plant volatile 310 TAMULY ET AL.
and nonvolatile secondary metabolites have wide applications in dietary regimens, food flavoring and preservation, folk medicine, and the fragrance industry. [8] Piper wallichii (Miq.) Hand.-Mazz. is a dioeciously, climbing shrub grown in the plains of foothills in semi evergreen and moist deciduous forests between 100-800 m elevations. The plant is distributed in India, Bhutan, Nepal, and China. The fruits are used medicinally against cold fever, cough, and as a uterine stimulant. The fruits are added in curry for flavor and in pickle as preservatives by the tribal people. [9] The fruits possess bitter acridic in taste. It has also cardiac and antibiotic properties. A few compounds were isolated from P. wallichii (Miq.) Hand.-Mazz. [10] In recent times, researchers have been trying to isolate powerful and non-toxic natural antioxidants from edible plants not only to prevent autoxidation and lipid peroxidation, but also to replace synthetic antioxidants. The fruits of Piper wallichii (Miq.) Hand.-Mazz. have been used more as medicinal purposes rather than food by the local tribes of North East India, which had attracted us to investigate the antioxidant activities in the fruit. As we know, no report is available in the literature on the antioxidant potential of Piper wallichii (Miq.) Hand.-Mazz. fruit. The main objectives of this study were (i) to determine phenolic and flavonoid content of the fruits, (ii) to evaluate the antioxidant activities in terms of effective concentration at 50% inhibition/scavenging in different methods, and (iii) establishing its correlation with phenolic and flavonoids content.
MATERIALS AND METHODS

Plant Material
The plant material was collected from the Lohit district of Arunachal Pradesh, India. The specimen voucher has been deposited in NERIST, Nirjuli, Arunachal Pradesh. The plant with female spikes and fruits is shown in Figs. 1 and 2 .
Extraction Process
The fruits (1.6 kg fresh) at maturity of uniform size were collected and dried under shade to obtain a 400-g dry sample. The dry samples were powdered in a Willy Mill to 60 mesh size and used for solvent extraction. The dry fruits (400 g) of the plant were extracted in petroleum ether, chloroform, ethyl acetate, methanol, and ethanol, respectively. The solvents were removed by using a rotary evaporator (Buchi, Flawil, Switzerland) under reduced pressure at 40
• C and stored at 4
• C until used for evaluation of antioxidant activity, total phenolic, flavonoid content, peroxide scavenging, hydroxyl radical scavenging, and reducing power assays.
Chemicals and Reagents
Ascorbic acid, aluminum chloride, 2,2 -diphenyl-1-picryl hydrazyl (DPPH), gallic acid, 2,4,6-tripyridyl-s-triazine (TPTZ), ferric chloride, potassium persulphate, FolinCiocalteu's phenol reagent, and 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) were obtained from Sigma-Aldrich (Bangalore, India). All other reagents and chemicals of analytical grade were procured from Merck (Mumbai, India) and local sources of India and milli-Q quality water were used.
Determination of Total Phenolic Content (TPC)
TPC was determined as per the method described by Folin-Ciocalteu method. [11] Briefly, 100 µl of the filtered extract were mixed with 900 µl of distilled water and 1 ml of Folin-Ciocalteu reagent. After 5 min, 2 ml of saturated sodium carbonate (75 gm/l) and 2 ml of water were added. The absorbance of the resulting blue colored solution was measured at 765 nm after incubation at 30
• C for 1.5 h with intermittent shaking. Quantitative measurements were performed based on a standard calibration curve of five points, 20, 40, 60, 80, and 100 mg/100 ml of gallic acid in 80% methanol. The total phenol content was expressed as gallic acid equivalent (GAE) in milligram per gram of dry sample.
Determination of Total Flavonoid Content (TFC)
TFC was determined by the colorimetric method [12] with slight modification. To start, 50 mg of each extract was dissolved in 10 ml of 80% aqueous methanol and filtered through Whatman filter paper No. 42 (125 mm). In a 10-ml test tube, 0.3 ml of extracts, 3.4 ml of 30% methanol, 0.15 ml of 0.5 M NaNO 2 , and 0.15 ml of 0.3M AlCl 3 .6H 2 O were added and mixed. After 5 min, 1 ml of 1M NaOH was added. The mixture was measured at 506 nm. The standard curve for total flavonoid was made using rutin as the standard solution (0-100 mg/l) under the same procedure as above. The total flavonoid was expressed as milligrams of rutin equivalents per gram of dried sample.
Antioxidant Activity
Each sample was dissolved in 95% methanol at a concentration 1 mg/ml and then diluted to prepare the series concentrations for antioxidant assays. Ascorbic acid was used as the reference chemical in all assays.
DPPH Radical Scavenging Activity Assay
Antioxidant activity was determined by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) method [13] in which the donation capacity of the extracts was measured by bleaching of the purple-colored solution of the DPPH radical. This assay was based on the ability of the antioxidant to scavenge the DPPH cation radical. This method determines the hydrogen donating capacity of the molecule and does not produce oxidative chain reactions or react with free radical intermediates. Briefly, to 100 µl of sample extract or standard, 2.9 ml of 0.1 mM DPPH methanolic solution was added. The mixture was shaken vigorously and kept at room temperature for 30 min. Then the discoloration of DPPH was measured against the blank at 517 nm. The scavenging activity was estimated based on the percentage of DPPH radical scavenged using the following equation:
The antiradical activity was expressed as EC 50 (µg/ml), the concentration required to cause 50% DPPH inhibition.
Ferric Reducing Antioxidant Power (FRAP) Assay
FRAP was determined in the sample extracts according to the method described by Iris et al. [14] with some modifications. The method was based on the ability of the sample to reduce Fe 3+ to Fe 2+ ions. In the presence of TPTZ, the Fe 2+ -TPTZ complex exhibits blue color, which was read at 593 nm. Briefly, 3.0 ml of FRAP reagent was added to the appropriate concentrations of the sample extract (a few samples were diluted further to get into the standard range) and after incubation for 4 min at room temperature the absorbance was measured at 593 nm. The antioxidant effect was calculated by using the following equation:
Antioxidant effect (%) = (Control absorbance − Sample absorbance)/ (Control absorbance)] × 100.
ABTS Radical Cation Scavenging Activity Assay
The ABTS radical cation scavenging activity was measured according to the method developed by Re et al. [15] with slight modifications. In brief, ABTS solution (7 mM) was reacted with potassium persulfate (2.45 mM) solution and kept overnight in the dark to yield a blue-green colored solution containing ABTS radical cation. Prior to use in the assay, the resulting blue-green ABTS + • solution was diluted with 50% methanol for an initial absorbance of about 0.700 ± 0.02 at 734 nm, with the temperature control set at 30
• C. Free radical scavenging activity was assessed by mixing 100 µl of test sample with 2.9 ml of ABTS radical solution microcuvette. The decrease in absorbance was measured exactly 1 min after mixing the solution, then up to 6 min. The final absorbance was noted. The scavenging effect was calculated according to the following equation:
Scavenging effect (%) = (Control absorbance − Sample absorbance)/ (Control absorbance)] × 100.
The antioxidant capacity of the test sample was expressed as EC 50 , the concentration necessary for a 50% reduction of ABTS. The radical stock solution was freshly prepared daily.
Hydrogen Peroxide Scavenging Activity Assay
Hydrogen peroxide scavenging activity was measured according to a slightly modified method of Zhao et al. [16] First, 1 ml of H 2 O 2 (0.1 mM) and 1 ml of 100 µg/ml concentration of the extracts or standard antioxidants were mixed with 100 µl ammonium molybdate (3%), 10 ml H 2 SO 4 (2 M), and 7 ml KI (1.8 M). The mixed solution was titrated with Na 2 S 2 O 3 (5 mM) until the yellow color disappeared. The abilities to scavenge the hydrogen peroxide were calculated using the following equation:
Hydrogen peroxide scavenging activity = 1 -( Sample absorbance)/ (Control absorbance)] × 100.
Hydroxyl Radical Scavenging Assay
Hydroxyl radical scavenging activity of extracts was assayed by the method developed by Halliwell and Gutteridge. [17] The reaction mixture contained 500 ml of 2-deoxyribose(2.8 mM) in phosphate buffer (50 mM, pH 7.4), 200 ml of premixed ferric chloride (100 mM), and EDTA (100 mM) solution (1:1; v/v), 100 ml of hydrogen peroxide (200 mM) without or with the extract solution (100 ml). The reaction was triggered by adding 100 ml of 300 mM ascorbate and incubated for 1 h at 37
• C. A solution of tert butyl alcohol (TBA) in 1 ml (1%; w/v) of 50 mM NaOH and 1 ml of 2.8% (w/v; aqueous solution) trichloroacetic acid (TCA) was added. The mixture was heated for 15 min on a boiling water bath and then cooled. The absorbance was measured at 532 nm. The scavenging activity of the hydroxyl radical was calculated according to the following equation:
Scavenging activity (%) = 1 − (Sample absorbance) / (Control absorbance) × 100.
Reducing Power Assay
The method of Oyaizu [18] was used to assess the reducing power of different extracts. A total of 2 ml of different extracts of concentration 10 mg/ml was mixed with 2 ml of 0.2 M phosphate buffer (pH 6.6) and 2 ml of 1% potassium ferricyanide [K 3 Fe(CN) 6 ] and incubated in a water bath at 50
• C for 20 min. Then 2 ml of 10% trichloroacetic acid was added to the mixture, which was centrifuged at 650 g for 10 min. The supernatant 314 TAMULY ET AL. (2 ml) was then mixed with 2 ml distilled water and 0.4 ml of 0.1% ferric chloride solution. After 10 min, the intensity of the blue-green colored solution was measured at 700 nm. The EC 50 value (µg/ml) is the extract concentration at the absorbance 0.5 (a.u.) for the reducing power and was calculated from the graph of absorbance at 700 nm against extract concentration.
Statistical Analysis
All assays were analyzed in triplicate and the results are expressed as means ± standard deviation (n = 3). The ANOVA test was used to analyze the differences among EC 50 of various extracts for different antioxidant assays with least significant difference (LSD) P < 0.01 as a level of significance. The EC 50 values were calculated using the Graph Pad Prism software (La Jolla, USA).
RESULTS AND DISCUSSION
Total Phenolic Content (TPC)
TPC was estimated by the Folin-Ciocalteu colorimetric method using gallic acid as a standard phenolic compound as shown in Table 1 . The results revealed that methanol was the best solvent for extracting phenolic compounds followed by chloroform, ethanol, and ethyl acetate. A variation in the total phenolic content ranged from 30.47 ± 1.05 to 75.37 ± 1.75 (mgGAE/g d.w.) from the petroleum ether to methanolic extracts, respectively ( Table 1) . The results were in accordance with the reported [19] results. It was shown that the phenolic contents of the plant were influenced by a number of intrinsic (genus, species, cultivar) and extrinsic (agronomic, environmental, handling and storage) factors. [20] 
Total Flavonoid Content (TFC)
Flavonoids are a group of polyphenolic compounds naturally present in most of the yellow edible fruits and vegetables. They constitute most of the yellow and red colors in the fruits. [21] Flavonoids from the fruit and vegetables samples were widely studied as components had the potential to provide multiple health benefits. Epidemiological and clinical studies have provided evidence of a potential role for flavonoids in lowering the risk of coronary heart disease, cardiovascular diseases, free radical scavenging capacity, Means not sharing the same letter are significantly different (LSD) at P < 0.01 probability level in each column. neurodegenerative diseases, osteoporosis, and lung cancer. [22] The amount of TFC in different solvent extracts is shown in Table 1 . The results revealed that methanol was the best solvent for extractability of flavonoids 22.55 ± 0.87 (mg RE/g d.w.). These findings are in agreement with the available literature on the flavonoid content of the plant Ficus microcarpa L. [19] The rich flavonoid content in plants could be a good source of antioxidant that can help to protect from lipid peroxidation. [23] 
DPPH Radical Scavenging Activity
The DPPH method is used worldwide in the quantification of free radical scavenging activity in vitro in biological systems. In the present study, the investigation of antioxidant capacity was measured as the cumulative capacity of the compounds present in the sample to scavenge stable organic free radicals with a drop of violet colors, which gave the absorbance maxima within 517 nm using the DPPH reaction. This method is sensitive to light, pH, temperature, and solvent. [24] The variation of scavenging activity in different solvents is shown in Fig. 3a . The extract showed dose dependent DPPH radical-scavenging activities. It was generally observed that the DPPH radical-scavenging effect increased as the concentration of the solvent extract was increased, to a certain extent, and then leveled off, even with the further increases in the concentration. The EC 50 values of scavenging DPPH radicals for the methanol and chloroform were 46.70 ± 0.85 and 50.21 ± 1.75 µg/ml, respectively. The study revealed that methanol and chloroform extract had free radical scavenging or inhibiting activities, acting possibly as a primary antioxidant.
Ferric Reducing Antioxidant Power (FRAP)
The FRAP assay is one of the most simple, rapid, inexpensive tests and is very useful for routine analysis. The FRAP assay is developed for direct test of total antioxidant power of a sample. The antioxidant effect by FRAP assay with variation of concentration is shown in Fig. 3b . The results imply that all the tested extracts inhibit the radical in a concentration dependent manner. The methanol and chloroform extracts exhibited higher inhibition activities in comparison to petroleum ether and ethyl acetate extract. The EC 50 values obtained from methanol extract (41.70 ± 0.74 µg/ml) were significantly different from the EC 50 values obtained from petroleum ether extract (>250 µg/ml) ( Table 2 ). However, a difference in EC 50 was observed between the extracts and ascorbic acid, which was used as standard antioxidant.
ABTS Radical Cation Scavenging Activity
ABTS
+ • is a well known nitrogen centered synthetic radical and is widely used to determine antioxidant activity. The ABTS radical was generated by reaction with potassium persulphate and when extracts are added to ABTS radical, it is converted to a non radical. The scavenging effect of ABTS radicals with variation of concentration is shown in Fig.  3c . The methanol and chloroform extracts exhibit high scavenging abilities when reacted with ABTS radicals, whereas the petroleum ether extract showed smaller effect at higher concentration. The EC 50 values obtained from methanol extract (45.23 ± 2.02 µg/ml) was significantly different from the EC 50 values obtained from petroleum ether extract (>250 µg/ml). The ABTS radical scavenging activity of methanol and chloroform extracts of this Each value in the table is represented as mean ±SD (n = 3).
Means not sharing the same letter are significantly different (LSD) at P < 0.01 probability level in each column.
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plant was less than that of ascorbic acid (Table 2) . Moreover, a difference in EC 50 was also noted between the extracts of the plant and the ascorbic acid.
Hydrogen Peroxide Scavenging Radicals
It is well established that hydrogen peroxide is not dangerous as it is, but may well be used for its ability to form the hydroxyl radical, thereby emphasizing the importance of its elimination. Indeed, it has already been proven that dietary phenols protect mammalian and bacterial cells from cytotoxicity induced by hydrogen peroxide. [25] Thus, the observed hydrogen peroxide scavenging activity could be due to the presence of phenols in the extracts. From the EC 50 values, it was seen that the hydrogen peroxide scavenging activities of chloroform (40.83 ± 1.85 µg/ml) and methanol (49.30 ± 1.15 µg/ml) extracts were more effective than that of petroleum ether extract(>250 µg/ml). The EC 50 values of all extracts were found to be quite different from the EC 50 values obtained for ascorbic acid.
Hydroxyl Radical Scavenging Activity
The hydroxyl radical is known to be the most reactive oxygen radical and it severely damages adjacent bio-molecules in the body, such as protein and DNA, resulting in cell damage. This damage causes aging, cancer, and several other diseases. [26] The removal of hydroxyl radical is, therefore, probably one of the most effective defensive mechanism of a living body against various diseases. In this study, the Fenton reagent (Fe 2+ + H 2 O 2 → Fe 3+ + OH − + OH − ), a source of hydroxyl radical, was used to evaluate the scavenging activities of different extracts towards hydroxyl radical. Hydroxyl radical scavenging activity of an extract is directly related to the antioxidant activities and was found to be in the order of ME > CH > ET > EA > PE for the studied plant. The hydroxyl radical scavenging activity for methanol, ethanol, and chloroform extracts do not differ significantly from each other. The EC 50 value for the methanol extract was 40.39 ± 1.92 µg/ml, while for the petroleum ether extract was >250 µg/ml. Since the hydroxyl radical scavenging activity is directly related to propagation lipid peroxidation, they seem to be good scavengers of active oxygen species, thereby reducing the rate of the reaction.
Reducing Power
Earlier studies have indicated that the reducing power of certain plant extracts was associated with their antioxidant activity. [27] The reducing power assay, therefore, is often used to evaluate the ability of an antioxidant to donate an electron. In this study, the ability of various solvent extracts to reduce Fe 3+ to Fe 2+ was determined. In the reducing power assay, the presence of reductants (antioxidants) in the extracts would result in the reduction of Fe 3+ /ferric cyanide complex to the ferrous form by donating an electron. Increasing absorbance at 700 nm indicates an increase in reducing ability. The sequence for reducing power was ME > CH > ET > EA > PE extracts. The EC 50 values for the methanol and chloroform extract were 50.21 ± 1.2 and 56.12 ± 1.1 µg/ml, respectively, while for the PE extract it was 250 µg/ml (Table 2) . 
Correlation with EC 50 Values of Antioxidant Activities and Phytochemicals Content
Through correlation analysis for phytochemical contents with EC 50 values of radical scavenging activity and/or antioxidant ability of extracts, the phenolic content exhibited a positive correlation (R 2 > 0.69) with DPPH, FRAP, ABTS radicals, and reducing power assay (Table 3 ). This result suggested that the phenolic compounds contributed significantly to the antioxidant capacity of the investigated plant species. This result was consistent with the finding of many research groups who reported such positive correlation between total phenolic content and antioxidant activity. [19, 28, 29] However, a non significant correlation was found in phenolic and flavonoids content with that of hydroxyl radical, hydrogen peroxide scavenging abilities. The Folin-Ciocalteu assay provided a crude estimate of the total phenolic compounds present in an extract. It is not specific to polyphenols, but many interfering compounds may react with the reagent, giving elevated apparent phenolic concentrations. [30] Moreover, various phenolic compounds respond differently in these assays, depending on the number of phenolic groups they have, [11] and total phenolic content did not incorporate necessarily in all the antioxidants that may be present in an extract. Hence, this may explain the equivocal correlation between total phenolic content and antioxidant activity of different extracts as appeared in Table 1 . However, the correlation between antioxidant activity and flavonoid content was not so significant except for the DPPH radical scavenging assay.
CONCLUSION
The results obtained carry considerable value with respect to the antioxidant activities of Piper wallichii (Miq.) Hand.-Mazz. fruits. The activity of these extracts attributed to the phenolic and flavonoid content. Consequently, the results suggest that the extracts can be utilized as an effective source of antioxidants. It can be concluded that fruits of Piper wallichii (Miq.) Hand.-Mazz. consumed as a foodstuff in different areas of India, can be used as an accessible source of natural antioxidants with consequent health benefits. There is also a need for further study of its extracts and isolated compounds.
